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A BST RAC TS 
THE LIGHT CURVE O F  NOVA HERCULIS 1963 FROM 
BAKER-NUNN PHOTOGRAPHS 
B a k e r - N u n  photographs of the outburst  of Nova Herculis 1963 w e r e  
reduced to  produce the light curve presented here.  
the m a t e r i a l  available f r o m  other  sources .  
T h e s e  data supplement 
Les photographies Baker-Nunn de l'explosion de la Nova Herculis 
1963 ont e'td re'duites pour donner la courbe lumineuse ci-jointe. 
Ces donndes complGtent le matgriel disponible en provenance d'au- 
tres sources. 
iv 
LIMITING MAGNITUDE OF THE BAKER-NUNN CAMERA 
The  limiting magnitude of the Baker-Nunn c a m e r a s  has been m e a s u r e d  
The experiment  was as  a function of exposure t ime  in dark-sky conditions. 
done f o r  s e v e r a l  film types in use a t  var ious  t i m e s  during the sa te l l i t e -  
t racking program.  
La magnitude limite des camgras Baker-Nunn a e'te' mesure'e comme 
fonction du temps d'exposition dans des conditions de ciel sombre. 
L'expGrience a e'te' faite pour divers types de films en usage 
des instants diffgrents pendant le programme de poursuite du 
satellit e. 
V 
E F F E C T  O F  BRIGHT SKY ON BAKER-NUNN OPERATION 
The effect of the sky in fogging Baker-Nunn film i s  given fo r  the 
l imit ing dark-sky case .  Bright-sky modification to this r e su l t  is discussed.  
L ' e f f e t  du c i e l  dans  l e  b r o u i l l a g e  du f i l m  Baker-Nunn e s t  donn6 
pour  l e  c a s  l i m i t e  du c i e l  sombre. La m o d i f i c a t i o n  d e  ce  r 6 s u l t a t  
d6e au  c i e l  lumineux e s t  d i s c u t d e .  
vi 
THE LIGHT CURVE OF NOVA HERCULIS 1963 FROM 
BAKER-NUNN PHOTOGRAPHS 
L. H. Solomon 
Upon the discovery of Nova Herculis 1963, the Baker-Nunn c a m e r a s  
(Henize, 1957) were  used to photograph the star and the surrounding region. 
The purpose was  to obtain a light curve  made up of many individual magnitude 
es t imates  spaced somewhat evenly throughout the day, although we d i d  not 
obtain s o  many films as  w e  had hoped. 
ing films taken before discovery were scanned to obtain prediscovery e s t i -  
ma tes ,  and possibly to yield a good es t imate  of the t ime of maximum light. 
Fu r the rmore ,  routine satel l i te- t rack-  
In each case  of special  photography (postdiscovery),  s eve ra l  shor t  ( 0 . 4  
o r  0. 8 s e c )  exposures  w e r e  obtained. F o r  prediscovery es t imates ,  we used 
as  many exposures  as w e r e  available, and as  these generally contained the 
nova image near  the edge of the field, o r  otherwise disturbed, the precis ion 
is considered to be low. In  all cases ,  the 20-inch f / l  c a m e r a  contained 
Kodak Royal-X P a n  Recording film (SO 283) .  
previously been estimated (Solomon, 1966) to  be c lose  to  the International 
Photovisual (i. e . ,  V )  sys tem,  and comparison of our  present  r e su l t s  with 
AAVSO visual es t imates  f o r  this  nova reveals  no significant discrepancy. 
The photometric sys tem has  
The photometric work was done visually, using the modified Argelander 
s y s t e m  descr ibed by Solomon (1 966). 
w e r e  combined to  f o r m  a m a s t e r  calibration curve,  f r o m  which the estimated 
magnitudes of the nova were  r e a d .  
e r r o r  of r = fO. 1 mag. 
ual  ca ses .  
All  s t a r s  i n  the comparison sequence 
Postdiscovery es t imates  have a s tandard 
Prediscovery e r r o r  es t imates  were  made f o r  indiv- 
1 
All the data  have been combined to f o r m  a light curve  (F igu re  1 )  cove r -  
ing the period of the Baker-Nunn observat ions.  The two ea r l i e s t  observa-  
t ions,  reported by the Tokyo Astronomical Observatory,  a r e  included with 
l a r g e  e r r o r  es t imates ,  a s  only very approximate magnitudes w e r e  submitted.  
That  observa tory  is expected to  publish a fu r the r  light curve in  the nea r  
future .  
I wish to acknowledge the a i d  of Miss  M a r j o r i e  David in the calculations,  
and useful discussions with M r .  K. Tomita.  
REFERENCES 
HENIZE,  K. 
1957. The Baker-Nunn satel l i te- t racking c a m e r a .  Sky and Telescope,  
V O ~ .  16,  pp. 108-111. 
SOLOMON, L. H. 
1966. A study of f l a r e  s ta rs .  Thes is ,  Cornel1 University, p. 18. 
2 
I I .  1 . 1 1 . . 
e . 
. 
. 
8 
.: 
I I I I I 
2 9 : x W 
E’ 
. 
. *  
. .  
0 .  
e 8  
. 
*. 
.* 
3 
LIMTING MAGNITUDE OF THE BAKER-NUNN CAMERA 
L. H. Solomon 
The l imiting magnitude of the Baker-Nunn c a m e r a  (Henize, 1957) has  
been investigated at  var ious t imes  (Slowey, pr ivate  communication 1960; 
Solomon, pr ivate  communication 1964) during the operat ion of the Smithsonian 
Satel l i te-Tracking P r o g r a m .  
for  s eve ra l  purposes ,  such  a s  comparison with other tracking sys t ems ,  tes t ing 
of new o r  improved f i lms,  and evaluation of c a m e r a  optics and operating quality. 
Results of this  continuing study have been used 
We have collected some  of the da ta  f r o m  this  observational p r o g r a m  and 
plotted l imit ing magnitude as a function of exposure time. 
F i g u r e s  1 through 3. 
p r e s s i o n  m 
(effective X 5400 A). 
found that c a m e r a  response  is close to  visual  (V) .  
nitudes throughout 
co lor  equation is now being determined. 
This  is shown in 
All magnitudes w e r e  reduced to zenith, using the  ex- 
= m - 0. 2 0  ( sec  z - 1 )  (Allen, 1963), where  z is zenith dis tance 
F r o m  previous measu remen t s  (Solomon, 1966)  we  have 
We have used v isua l  mag-  
Z 0 
without any color correct ion.  The exact f o r m  of the 
Values given h e r e  a r e  absolute limits of detection of known stars. F o r  
p rac t i ca l  limits f o r  the  detection of satel l i tes ,  the images  m u s t  be  - 0. 25  m a g  
br ighter  than this  absolute l imit .  
ment ,  images  must be about 0 .7  to 1 . 0  mag  br ighter  than the limit. 
these  f i lms  w e r e  recently taken under good conditions express ly  fo r  this study; 
o the r s  were  taken a t  d i f fe ren t  t imes for  quite different reasons .  Most  films 
w e r e  of the  two s tandard f i lm  types, Kodak Royal-X P a n  Recording (SO-283) 
and its successo r  Kodak Extended-Red Royal-X P a n  Recording (SO- 338). 
Some data  a r e  available f o r  I-D film; these  are indicated separately.  
T o  be useful for  prec is ion  position m e a s u r e -  
Some of 
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The present  camera- f i lm combination appears  to  be  roughly 15  times as 
sensi t ive as  the  or iginal  system. 
ily b e  i n  the direct ion of increased film acutance and contrast  and decreased  
g ra in  s ize .  
F u r t h e r  development will a lmost  necessa r -  
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E F F E C T  O F  BRIGHT SKY ON BAKER-NUNN OPERATION 
L. H. Solomon 
The Baker-Nunn c a m e r a  (Henize, 1957), operating at  f / l ,  20-inch 
aper ture ,  is used p r imar i ly  to  photograph faint moving objects against  a 
dark-sky  background. 
of a faint point o r  t ra i led image  against the fog background. 
ation of the useful operating range of the instrument ,  i t  i s  therefore  des i rab le  
to know how the sky fog (and normal  chemical fog) grows a s  a function of 
exposure t ime.  Then s imple models, based on the known charac te r i s t ic  
curve of the film, may be used to es t imate  the optimum exposure t imes  
for  image detection (i. e . ,  that exposure t ime fo r  which the  faintest  object 
can  be detected o r  that for which the leas t  difference in image density i s  
required for  detection). 
optimum methods of observing new objects of in te res t  when no exper imenta-  
t ion i s  possible.  
The detection limit is se t  essent ia l ly  by the cont ras t  
F o r  an explor-  
Such a procedure is a l so  useful for  deciding on 
Film was exposed a t  the Organ P a s s  station (elevation 1450 m )  in the 
zenith under dark-sky  conditions. 
t ime for  Kodak Extended-Red Royal-X P a n  Recording film (SO-338) i s  given 
in  F igure  1. 
film is  given in F igure  2. 
density difference of 0. 3 i s  required to conform a n  image a s  rea l  and (if  a 
point o r  short  t r a i l )  measurable ,  the "optimum" exposure occurs  when back- 
ground fog is a t  density 0.40.  
films of in te res t ,  but resul ts  a r e  not yet available for  Extended-Red 
Royal-X P a n  Recording f i lm.  
A plot of fog density ve r sus  exposure 
A sample character is t ic  curve  (ASA diffuse density) for  the 
F o r  the case  of a single film f rame ,  assuming a 
Similar estimations can be made  for  other  
As  sky br ightness  is the determiner  of film fog, then optimum exposure 
is clear ly  a function of such i tems a s  the distance of the field of view f r o m  
the bright moon, haze,  city lights, o r  other disturbing agents.  A s  the  sky 
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brightness  i n c r e a s e s ,  the optimum exposure,  determined as above, becomes 
l e s s ,  and ei ther  ape r tu re  o r  exposure t ime  mus t  be decreased .  
moon conditions, i t  is possible to have sky background reach  density - 0 . 6  
in less than 3 sec ,  with the moon outside the field, T h e  optimum exposure 
is roughly 30 s e c  in d a r k  sky, as  s e e n  i n  the curves  in  F i g u r e s  1 and 2. 
It should be noted that the data on limiting magnitude (Solomon, 1967) s e e m  
to show a tendency to  depar t  f rom the l inear-magnitude inc rease  with 
exposure t ime  in the region of 20-  to  30-sec.  
Under bright- 
REFERENCES 
HENIZE, K. G. 
1957. The  B a k e r - N u n  satel l i te  t racking camera .  Sky and Telescope,  
vol. 16, pp. 108-111. 
SOLOMON, L. H. 
1967. Limiting magnitude of the Baker-Nunn camera .  Smithsonian 
Astrophys.  Obs. Spec. Rep. No. 244, 14 pp. 
12 
BIOGRAPHICAL NOTE 
, 
LEONARD H. SOLOMON received the B. A. deg ree  f rom Brooklyn College 
in 1957 and the M. S. degree  f rom Cornel1 University in  1966. 
P r i o r  to his affiliation with Smithsonian Astrophysical  Observatory in  
1959, Mr.  Solomon held a teaching a s s i s t an t sh ip  a t  Cornel1 University. 
Current ly ,  he is a n  a s t ronomer  f o r  SAO's satel l i te- t racking program.  
Mr. Solomon's r e s e a r c h  is directed toward the application of photographic 
photometry with the Baker-Nunn cameras  to observat ions of f l a r e  s t a r s  and 
o ther  var iable  s t a r s .  
of optical  satel l i te  t racking and general  ana lys i s  of combinations of d i f fe ren t  
sa te l l i t e - t racking  s y s t e m s .  
His r e sea rch  a l so  includes the investigation of methods 
13 
NO TIC E 
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First i ssued  to ensu re  the immediate dissemination of data f o r  sa te l -  
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